The characteristics of surface-subsurface water interaction in a river with sandbar are threedimensional. The exchange phenomena at the surface-subsurface water interface are still unknown. An investigation has been carried out by tracer experiment and vertical 2D (V2D) simulation at the interface with various bed shapes and hydraulic conditions to understand the phenomena as well as to delineate the subsurface water and groundwater components. The flow properties at the surface and subsurface zone are verified by 1D Darcy theory. A line, which separates the subsurface and ground water components, is determined for individual cases. The experiment as well as V2D simulation shows that at the interface subsurface water components are found to be about 80-90% of the total flow (subsurface plus groundwater) components. The subsurface flow is found to be two-dimensional within the surface water zone and one-dimensional at the subsurface zone, which satisfies the Dupuit's assumption.
INTRODUCTION
The subsurface flow and the interaction between surface and subsurface water with alternate sandbars in a river ( Fig. 1 ) has an important role as a habitat for hypohreo (life things living in substrate) and also as a media for changing river water quality by biological effect. When we evaluate and estimate its effect quantitatively, at first, we should know the thickness and flow rate of subsurface water being exchanged with surface water in hydraulic point of view. In general, under the consideration that the phenomena are 3-dimensional as Bouwer (1978)1)stated, in order to estimate these two values' distribution, the phenomena are treated as 3-D or quasi-2D problem using available software, for instance MODFLOW, and in the field chemical tracers are used for one-by-one cases (Benner et al. 19952 ), Kim et al. 19923) ). But water components (groundwater and subsurface water) are seems to be separated vertically, then, extension of the application of horizontal 2-D calculations, which is average flow for whole depth originally, is expected. Therefore, for those applications in the future, authors set the understanding of vertical water movement and separation of water components near the surface water edge (Fig.1 b) , c)), which are affected by bed shape and hydraulic conditions, as the objective problem. In this study, numerical simulation and experiment are conducted; then, followings are discussed as objectives:
To understand the basic phenomena of surfacesubsurface water interaction at the surface water edge with sandbar To get subsurface water components interchanged by surface water components within the domain of surface-subsurface water flow regime in a river with alternate sandbar To delineate the groundwater component by a separation line between subsurface water and groundwater To get relationships of exchange ratios for specified bed shapes and hydraulic conditions by horizontal 2D flow analysis
MODELLING OF THE PROBLEM (1) Vertical 2-D model
In order to simulate the problems of separating the subsurface and groundwater components, a vertical 2D (V2D)-simulation model with parameters in x-z coordinates is used. The governing parameters involved in finding out the relationships between bed shape (Zb) and hydraulic parameters (Ni, hs) are:
Hydraulic conductivity, lc, Length of surface water column, 1,, Surface water depth with respect to the impermeable layer, H; Surface water depth over bed, hs; Subsurface water depth, hss, water level difference between surface and subsurface, Ni; the constant a and the length of subsurface water column, aL.
Under these conditions, governing equation (1) is solved using Finite Difference Method on the staggered grid.
In order to separate the components of subsurface water and groundwater, numerical tracer is adopted using result of V2D flow analysis . Putting numerical tracer at E as shown in Fig.2 and tracing by using the results of flux vector distribution, we can separate both subsurface water component and flow depth connected to surface water from groundwater component and flow depth . The approximate movement of tracer for the cases as shown in Fig.lb is shown in Fig.2 .
The main objective of this study is to discuss the variations of rhs, and rqss with different bed shapes and hydraulic conditions. Here, r hss and rq, can be expressed as:
Here, rhss is the ratio of subsurface water depth to total water depth at the interface and rq, is the ratio of subsurface water flux contributed by surface water to total flux, hG is the groundwater depth, qss is the subsurface water flux, qG is the groundwater flux, q is the total flux per unit width. These relationships vary with bed shapes and hydraulic conditions. 
EXPERIMENTS
The tracer experiments are conducted in a flume for different hydraulic and geometric conditions and measured hydraulic gradients and tracer movements in the subsurface. An 80cm long and 15.4cm wide glass-sided horizontal flume is used for the tracer experiments. The experimental set-up is shown in Fig. 3 . A total of 32 piezometers are emplaced at four cross-sections to measure hydraulic potentials and 100 horizontal rods are also placed at five crosssections to measure the electrical conductivity (EC) of the injected tracer between adjacent rods to determine its (tracer) relative concentration. Bed shape, which represents the bottom of surface water, is given in the flume by sine curve.
Well-graded sand with median diameter 0.3mm is used to shape up the sandbar. The hydraulic con- is higher than that of experiment and V2D numerical results. This is due to the 2 dimensional effect in inflow domain (0<x<50cm), where hydraulic gradient of subsurface water is found to be smaller. This effect is expected to be determined from bed shape and hydraulic conditions quantitatively.
(4) Separation of components The flow path followed by tracer in the experiment is detected by inspecting maximum EC values and the component separation line within the domain is shown in Fig. 7a . This figure shows that path line is longer for thick permeable layer under the surface water. At the interface, subsurface water components are found to be 80-90% of the total component.
The shape of the bed curvature along the surface water zone predominates in producing infiltration flux and most of those flux only flows within the subsurface zone. The 2D distribution of subsurface water level within the surface water zone shows two-dimensional flow pattern but within the subsurface zone it is onedimensional, which satisfies the criteria of Dupuit's assumption.
Based on these properties, determination of relationship among rhss, rqss, bed shape and hydraulic conditions is needed for extensive applications of horizontal 2-D analysis. The predictive certainty ensures the application of V2D simulation model in field case.
